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(U)  These  tests  will  be  perfomec  uo  a  part  of  Project  Nr 
33-00-0000  of  the  USASPC  Technical  Program.  Authoilzation  is  con¬ 
tained  in  CSigO  COP  FT  59  paragraph  20v6)(a}3  aiv»  CDOG  paragraph 
84 2f,  SIGCCD  56T4. 


OBJECTT/E  A 

tfriari  a*"  P'-"  ' 

(U)  The-objaativa  »f-  the  testi^ia-  to  tl.d  data 

to  evaluate  the  application  of  ^aulti-band  carcinotron  JasoDars  of 
QBC-23B(T)  type  irtxen  en5)loyed  in  active  £rr;n’-tc-'jround  and  air 
ground  countermeasures  against  various  types  of  '•^idar  equipment. 
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This  test  plan  for  the  evaluation  cf  the  3/4-ton  truck  and  Ul-A 
aircraft  installations  of  the  (iRC-23B(T)  Dual-Band  Carclnotron  JamBer 
employed  against  ground-based  radar  has  been  prepared  by  the  Elec¬ 
tronic  \ferfare  Department  as  a  part  of  Project  33-00-0000  of  the  U.  S. 
Amy  Electronic  Proving  Ground  (USAZPG)  Technical  Program.  The  plan 
prescribes  the  types  of  tests  to  be  conducted  and  the  methods  of  exe¬ 
cution,  and  vlll  serve  as  a  guide  for  test  personnel  in  preparing  for 
and  conducting  the  operational  field  tests. 

These  installations  fabricated  at  USAEPG  are  only  instrumented 
for  the  collection  of  data  idilch  may  lead  to  possible  application  of 
this  equlpoient  in  tacticcQ.  vehicles.  The  effectiveness  of  the  various 
Jannlng  signals  of  the  QRC-23B(T}  against  ground-btised  radars  of  the 
mortar-locatliig,  conbat  surveillance,  air  surveillance,  and  tracking 
types  will  be  ascertained. 


IVILLZAUG.  SKINNER,  JR. 

Lt  Col  SigC 

Chief,  Electronic  Warfare  Departzaent 
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1.  (u)  issT  riM 

The  tests  to  be  conducted  are  grouped  under  the  following  major 
headings: 

a.  (U)  Bench  Tests 

Performance  and  operating  characteristics  will  be  determined. 

b.  (U)  field  Tests 


The  effect  of  various  jaitnting  modulations,  aiKl  the  limits  of 
effective  janoing  area  of  ground-based  radars  will  be  deteircined. 

C.  (u)  Mr  Ifig« 

The  airborne  QRC-23B(T)  will  be  tested  against  surveillance, 
mortar-locating,  and  tracking  radars. 


(.'i)  cssGK[H:iQM..9f  THE  fflmraag 


le  QRC-23B(T)  consiats  of  a  dual-btuid  Jaami.ng  transmitter  and  a 
heat  exchanger.  Ihio  equlpaKint  was  deslgned-emd-fabrieated-by-the 
HaHieraf tera-CoD^iany-oi^  U.~S»  -Air-Fo*“ee-{Jeii-Hr-23Si — IMa-fabrica- 
tlon  InoewpogateJ  certain  ifK>dlfleatloi3S~Btiyqiated-by-the~Blectronle 
Warfare  PapecrUjentj  WBAHHI. 


The  transmitter  Is  designed  to  provide  jamning  capabilities  against 
both  search  and  tracking  radar  systems  operating  in  the  2.5  to  3*3 
kmc/^and  8.2  to  11.0  kmcr  frequency  ranges^  The  minimum  or  i>ower  out¬ 
put  of  either  band  is  approximately  150  The  dual-tiand  trans¬ 
mitter  has  provision  for^Vtwl^lpli^nll^a  both  noise  and 

and  a\idlo  rate,  narrow-band  noise  fseye^iy  madalafclun  '{Pa^  and  wide¬ 
band  audio  rate  ^  of  the  ’’ 


carcinotron  tubes  .w 


For  the  purpose  of  these  tests,  the  QRC-23B(T)  das  been  installed 
in  two  vehicles,  a  3/4-ton  truck  and  a  Ul-A  aircraft.  In  the  Ul-A  in¬ 
stallation,  the  QRC-23B(T)  is  substituted  for  the  AN/ALT-6B  equipment, 
which  is  part  of  the  airborne  multipurpose  Jammer.  The  3/4-ton  truck 
installation  includes  an  AN/APR-9  receiver  and  an  AN/ALA-6  direction 
finder  for  instrumentation  purposes,  the  USAEPO  fabricated  rf  trans¬ 
mission  system,  and  a  FU-346  prime  power  source. 
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3.  (SJ  lECHIIICAL  UMluiACTEIlISnCS 

The  major  tachsical  characteristics  of  the  QRC-23B(T)  are  shown  In 
tabic  I;  the  modulation  characteristics  of  this  equipment  are  shown  in 
table  II. 


Table  I.  (S)  Technical  Characteristics  of  the  QRC-23B(T) 


Description 

Charactexistlc 

Frequency  ranges 

S-band  -  2,500  to  3,300  mcs 

X-band  -  8,200  to  11,000  mcs 

Power  output 

150  watts  nd-Trimm  throughout  both 
bands 

Residual 

5  to  8  mcs,  both  bands 

AC  power  input 

7  kva 

Voltsge 

115  V  tlO  percent,  400  cps,  3  phase 

Current 

Phase  A  -  115  v,  21.9  eaps 

Phase  B  -  114  v,  20.0  amps 

Phase  C  -  112  v,  17.5  amps 

DC  power  input 

! 

Voltage 

28  V 

Current 

2  anps 

Marl.iniim  duty  cycle 

Continuous 

1  Efficiency  of  carcinotoon  tubes 

20  to  30  percent 

Cooling  method 

DC  200  silicon  oil  for  high-voltage 
CGopooents  at  a  flow  rate  of  10 
gpm,  with  a  system  pressure  of  35 
psi  -  air  cooling  for  low-voltage 
ccEq)onents  by  50  cfte  exhaust  fan 

Heat  dissipation  capability 

5,000  watts  at  maximum  temperature 
of  a55  degrees  C 

Temperatxire  requirements 

1 

Operating 

-55  degrees  C  to  +55  degrees  C 

Nonoperating 

-55  degrees  C  to  +85  degrees  C 
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Table  I.  (G)  Teomiical  Characteristics  of  the  QRC-23B(T).  (Cont) 


Description 

Characteristic 

Barometric  piressures 

Operating 

20,000  feet 

Nonoperating 

50,000  feet 

Total  approrLtnate  weight 

300  lbs 

Table  II.  (S)  Modulation  Characteristics  of  the  QRC-23B(T) 


Type  of  modulation 

S-band 

X-band 

Frequency  sweep 

0  to  800  mcs  (0  to  ±400 
mcs  about  center  freq). 
Variable  in  3  steps:  10 
to  100  cps,  100  to  1,000 
cps,  1,000  to  10,000  cps 

0  to  2,400  mcs  (0  to 
±1,200  mcs  about  center 
freq).  Variable  in  3 
steps:  10  to  100  cps, 

100  to  1,000  cps,  1,000 
to  10,000  cps 

External  fa  (60  to 
5,000  cps,  0.1  V 
saxLaina  input) 

0  to  800  iac3  (0  to  ±400 
mcs  about  center  freq) 

0  to  2,400  mcs  (0  to 
±1.200  mcs  about  center 
freq) 

EM  noise 

0  to  100  mcs  (0  to  ±50 
mcs  about  center  freq) 

0  to  100  mcs  (0  to  ±50 
mcs  about  center  freq) 

AM  noise 

0  to  30  percent  mlnlmun 

0  to  30  percent  minimum 

External  a::.  (60  to 
5,000  cps,  0.1  V 
maximum  input) 

0  to  30  percent  mtniimga 

0  to  30  percent  minimum 
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II.  TEST  RKOrnRaff-WTS 


4.  (U)  RESPONSIBILITY 

a.  (U)  The  project  officer  tIU  Insure  th&t  all  arrongementa  for 
cooductlxig  the  tests  have  been  made.  Requests  for  support  will  be 
submitted  In  accordance  with  paragraph  4,  section  2,  of  the  "Reference 
Handbook  for  Project  Engineers." 

b.  (U)  Any  major  deviations  trca  tho  test  procedures  outlined  in 
this  plan  will  be  coordinated  and  approved  by  the  project  engineer  and 
Chief,  Systems  Division.  The  project  officer  or  the  project  engineer 
may.  If  necessary,  change  test  procedures  on  the  spot  and  perfom  the 
required  coordination  at  a  later  time.  Details  of  all  s\ioh  changes 
will  be  recorded. 

c.  (U)  The  same  operator  should  opwrate  the  equipment  for  the  dura** 
tlon  of  any  given  set  of  tests.  In  this  way,  the  operator's  coBBents 
and  evaluation  of  effectivesoss  wlH  be  consistent.  Ihe  operator's 
background,  e3c?erlenoe,  knowledge  of  equipment,  and  physical  condition 
should  be  included  with  the  data. 

d.  (U)  Ati&ospheric  conditions.  Including  visibility,  temperature, 
humidity,  clouds,  wind,  precipitation,  and  barometric  pressui'e  will  be 
stated  for  each  day's  test. 

5,  (u)  Tms  cr  RBSPgMcs 

Requirements  for  the  tests  stated  in  terms  of  time,  personnel,  and 
equipments  are  shown  In  tables  III  throu|^  VII. 


Table  III.  (U)  Tentative  Time  Schedule 


Test 

Estimated  working  days 

Bench  tests 

5 

Field  tests  (groumO 

13 

Field  tests  (air) 

10 

Total 

2S 

10 


r 
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TaULe  IV.  (U)  Personnel  Requlxeaents 


T^nP«  of  personnel 

)lunA)er 

Source 

Project  officer 

1 

EWD 

Project  engineer 

1 

EVD 

Pleld  engineer 

1 

EWD 

Jesner  operating  team 

2 

EWD 

iM/UP<i-lQk  team 

2 

72d  Sig  Bn 

M-33  operating  team 

3 

72d  Sig  Bn 

AIV^TPS-ZI  team 

2 

CSD 

AH/GPG-1  team 

2 

CSD 

Security  guards 

As  required 

Post 

Drivers 

As  required 

EVD 

ElectrooLo  technician 

2 

EVD 

CcBBaudeatloDS  team 

3 

llax*tar  crew 

1 

Post 

Hunan  factors  personnel 

1 

EWD 

Photographer 

1 

Post 

Table  V.  (U)  Major  Items  of  Equipment 


Description 

Ncawnclature 

Dual-band  carcinotroo  Jammer  mounted  in  3/4- 
too  vehicle,  with  trailer-mounted  power  unit 

QRC-23B(T) 

Mortar-locator  radar 

ahAifQ-ica 

,  Ccmbat  surveillance  radar 

AH/rPS-21 

Combat  siirveillance  radar 

J 

Ai?/GPG-1 

AA  Fire  Control  radar 

AA  FCS  )4-33 

Mortar 

11 


Tne  followlag  Is  a  checklist  of  necessary  requirements  and  arrange- 
aients  for  the  use  of  the  project  officer.  The  project  officer  will: 

a.  Select  and  request^the  use  of  sites  for  each  test  (locations  of 
all  sites  will  be  recorded  as  nap  coordinates). 

b.  Provide  for  pere  '  and  equipment. 

c.  Arrange  for  frequencies  and  types  of  radio  transmission. 

d.  Obtain  vehicles  and  drivers. 

e.  Obtain  POL  requirements. 

f.  Furnish  water  and  lunches  for  personnel  at  test  sites. 

g.  Provide  data  sheets. 

h.  Obtain  topographlc^ll  maps  for  recording  site  locations. 

I.  Provide  for  Individual  safety  in^cautlons  (steel  helmets,  first 
aid  kits,  etc.). 

J.  When  necessary,  arrange  for  flight  course  and  airborne  require* 
ments  with  Libby  Alrfiald  Operations. 

k.  Arrange  for  briefing  of  pilots  for  coordination  of  tests,  when 
applicable. 

l.  Record  equlpsent  operating  time,  maintenance  required,  and  other 
modifications. 

m.  Provide  for  proper  recording  of  data  to  include  the  following 
Infomatlon: 

(1)  Time  and  duration  of  tests 

(2)  All  pertinent  electrical  parameters 

(3)  All  pertinent  meteorological  data 

v4)  All  pertinent  physical  data  (terrain,  etc.) 

n.  Arrange  for  briefing  all  personnel  on  daily  (or  weekly)  scheduled 
testing. 

o.  Contact  the  EWD  Security  Officer  in  regard  to  security  of  test 
sites. 

p.  Provide  for  fire  protection. 
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7.  (U)  TEST  1.  PERroRMA^^CE  TEST 

a.  (U)  Purpose 

The  purpose  of  test  1  la  to  Insure  that  all  ccoponents  of  the 
equipoent  are  operating  as  required,  before  the  QRC-23B(T)  is  installed 
in  the  vehi~\e. 

b.  (U)  Time  Reouirad 

The  time  required  for  this  test  will  be  four  days. 

c.  (u)  £ga«aiuEs. 

The  pi*ocedure  is  outlined  in  the  Hallicrafters  Handbook  of  In¬ 
structions,  QBC-23B(T),  paragraphs  5-10  through  5-21. 

d-  (U)  Data  Beouired 

All  date  required  by  the  handbook  will  be  recorded. 

8.  (S)  XE§X  2>,  .IRAHSMKSIPM  LIHB  fiVALUmOli 

a.  (U)  Purpose 

The  purpose  of  test  2  is  to  determine  the  effect  of  antenna  sys¬ 
tem  VSWR  on  the  rf  power  output  of  the  QRC-23B(T). 

b.  (U)  TMiBe  Remilred 

The  test  will  be  performed  concurrently  with  test  1. 

c.  (S)  Procedure 

(1)  The  eq^iipnent  will  be  set  up  as  shown  in  fig.  1. 

(2)  The  S-band  transmitter  will  be  anplitude  modulated  hy  a  1,000 
cps  square  wave. 

(3)  The  transmitter  frequency  will  be  set  to  8.5  kmcs  and  the 
transmission  system  tuned  Isr  ndnlimim  VSWR  by  tuning  the  adjustable 
short.  Measure  the  rf  power. 

SECRET 
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Fig.  1.  (U)  Equipment  setup  for  test  2 
15 
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(4)  The  VSWR  will  be  increased  in  incitements  of  0.2  by  tuning 
the  adjustable  short.  The  rf  power  will  be  measured  at  each  VSflR  up 
to  amd  including  a  VS'#R  of  2.0. 

(5)  Subparagraphs  3  and  4  will  be  repeated  at  rf  carrier  fre¬ 
quencies  of  9.5  kmcs  and  10.5  lanes. 

d.  (U)  Data  Required 

The  data  required  will  be  en+«red  on  the  sample  data  sheet  for 
test  2. 

9.  (U)  TEST  3.  AUXILIARY  EQUIPMENT  TEST 

a.  (U)  Purpose 

The  purpose  of  test  3  is  to  perform  an  operational  checkout  of 
the  AH/APR-9  receiver  and  AH/ALA-6  direction  finder  which  will  be  used 
for  instrumentation  purposes. 

b.  (U)  Time  Required 

The  time  required  for  this  test  will  be  one  day, 

c.  (U)  Procedure 

The  installed  receiver  and  direction  finder  will  be  checked  out 
as  per  the  appropriate  Handbook  of  Operating  Instructions  prior  to 
initiation  of  the  field  tests. 

d.  (u)  Reauiggd 

Any  ccBoents  on  performance  by  the  project  officer  .irill  be  re¬ 
corded. 
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Sample  Data  Sheet  for  Test  2•^ 


*»Thio  data  aheet  classified  SiCP-iT  v.-ithoui  entrlo::. 
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IV.  GROUND-BASED  FIi£LD  TESTS 


10.  (0)  JAimUG  EFFECTIVENESS  GUIDE 


To  evaluate  the  effectiveness  of  the  jaaaing,  the  follonring  legend 
will  be  used  for  A-,  B-,  and  J-scope  presentations: 

Light  janning:  perceptible  jaaning  on  scope,  but  targets  clearly 
visible. 

Sfediun  janming:  Janming  very  noticeable  on  scope  but  targets  vis¬ 
ible  to  trained  operator. 

Intense  jaunting:  scope  saturated,  no  targets  visible. 


For  PPI  presentations,  the  jamming  conditions  are  shown  in  fig. 


11.  (C)  JJ 


fATIQN  gaygMStii 


2. 


The  AK/APR-9  receiver  and  the  AN/AIA-b  direction  finding  equipment, 
which  are  used  to  complete  the  system  of  the  QRC-23B(T),  will  be  used 
for  instrumentation. 


The  AN/APR-9  will  be  used  to  ascertain  the  frequency  of  the  target 
radar  and  to  bring  the  jamcoer  up  on  the  same  frequency.  Tne  AN/ALA-6 
will  be  used  to  orient  the  Jataing  antennas  on  the  bearing  of  the  target 
radar. 


12.  (S)  TEST  4. 


gT  OF  VARIOUS  JAfACNG  MDEUUTIQNS  ON  TOE  AN/UPd-lOA 


a.  (S)  Purpose 


The  purpose  of  test  4  is  to  determine  the  i&ost  effective  janming 
mode  to  be  used  by  the  QRC-23B(T)  against  the  Radar  Set  A10JPQ-1QA. 

b.  (u)  xiflc 


The  time  required  for  this  test  will  be  three  days, 
c.  (U) 

(l)  The  will  be  sited  so  that  it  has  an  unobstructed 

view  of  to  isolated  fixed  target  approximately  5, OCX)  yards  away  as 
shown  In  fig.  3.  The  radar  will  acquire  the  target  and  then  be  placed 
in  automatic  tracking  mode  during  the  remainder  of  the  test. 

IS 
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Fig.  2.  (U)  Legend  foi  jamming  results 
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Fig.  3.  (C»(HA)  Siting  plan  for  test  4 
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(2)  The  QRC-23B(T)  vdil  be  sited  approximately  3,000  yards  from 
t;;e  radar  site  in  as  close  to  a  straifht  line  ‘.vitn  tne  target  as  possi¬ 
ble.  /ill  Jatning  nodiilations  will  be  tested  while  the  jacner  is  trans¬ 
mitting  on  -ie  radar  frequency.  Gince  trie  most  effective  jaming  modu¬ 
lation  is  desired,  the  various  titles  of  modulations  vrill  be  tuned 
tiirougii  their  respective  frequency  ranges  and  the  results  recorded. 
Photos  ■•.ill  be  taken  of  the  radar  scopes  as  each  tiT^e  of  Jamming  is 
presented. 


(3)  ii'-e  procedure  of  subparagraphs  1  euiq  2  above  •jrill  be  re¬ 
peated  with  tr.e  Jasner-radar  distance  increased  in  increments  of  5,000 
yards  until  tlie  Jamming  ceases  ;o  be  effective. 

(4)  Tne  antijam  switch  on  the  A«/i.!?Q-lCA  will  bo  operated  in  the 
OG  and  OFF  position  for  each  t\-pe  of  Jamming  modulation. 

d.  (U)  Data  PujQuired 

(1)  All  data  required  will  be  entered  on  data  sheet  for  test  4. 


(2)  Scope  photos  and  cccaients  by  the  project  officer  will  be 
forwarded  .rith  the  data  sheets. 


13.  (S)  TSST  5.  bFFZCT  OF  VARIOUS  JAt.C.II}Ki  .ttODoUTIO!^  OH  TnE  AN/IPS-Zl 
a,  (3)  Purpose 


Tne  purpose  of  test  5  is  to  determine  the  effect  of  the  various 
jaimring  modulations  of  the  QRC-233(T)  cn  the  combat  surveillance  Radar 
Set  Afi/TPS-21;  the  most  effective  node  of  jamming  will  be  determined. 

b.  (U)  Xias 

Tne  tine  required  for  this  test  will  be  two  days. 

c.  (S)  Procedure  ^ 

(1)  Tne  equipment  will  be  sited  as  shown  in  fig.  4.  Tne  related 
corner  reflector  target  will  be  sited  so  as  to  present  a  good  target 
indication  both  aurally  and  visually  cn  the  AN/TPS-21.  A  Tektronix 
scope  model  53?  or  equivalent  will  be  used  to  display  the  video  output 
of  the  AN/IPS-21. 

(.2)  Tne  AN/TPS-21  will  be  set  in  the  scanning  mode  of  operation 
witli  the  target  in  tiie  center  of  the  scan. 

(3)  Tr.e  jaesner  will  be  directed  along  the  axis  of  the  target  and 
the  radar,  and  will  be  switched  through  its  various  jamming  modes  in 
the  following  order: 
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Fig.  4.  (Cf/HA)  Siting  plan  for  test  "j 
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(a)  Continuous  wave 

(b)  Internal  am  noise  in  three  steps  (30  percent  to  maximum) 

(c)  Internal  fm  noise  in  three  steps  (±10,  ±25,  and  ±50  mcs) 
about  center  frequency 

(d)  Frequency  sweep  in  three  steps  (100  cps,  1,000  cps,  and 
maximum)  without  overloading 

(e)  Coenbination  am  maximum  modulation  and  fm  maxinaim  devia¬ 
tion 

(f)  Combination  of  frequency  sweep  and  internal  fm  noise 

Th<*  effects  of  each  mode  of  jamning  will  be  recorded  on  the 
data  sheet  and  photos  taken  of  each  type  of  Jamming  displayed  on  the 
auxilia~;'  r:.-ope. 

(4)  Tne  AWAPS-21  will  be  txirned  to  the  track  mode  and  a  contin¬ 
uous  track  of  the  target  will  be  made  vdiile  the  procedure  outlined  in 
subparagraph  3  is  again  followed. 

(5)  Procedures  outlined  in  subparagraphs  2  through  4  will  be  re¬ 
peated  as  the  janner  is  moved  farther  away  fim  the  radar  in  steps  of 
5,000  yards  until  Jamming  is  no  longer  effective  in  botli  of  the  AJ</TPS-21 
operating  modes. 

(6)  During  the  procedure  outlined  in  subparagraph  3,  a  spectrum 
analyser  will  be  set  up  at  the  Jamoer  site  and  photographs  (Polaroid) 
will  be  taken  of  each  type  of  Jaianing  modulation. 

d.  (U)  Data  Required 

(l)  All  data  required  will  be  entered  on  the  data  sheet  for 

test  5. 


(2)  Coosaents  by  the  project  officer  covering  operation  of  equip¬ 
ment,  training  of  the  operators,  effects  of  the  vsu-ious  modulations, 
and  any  difficulties  encc-ntered  will  be  recorded. 

U.  (S)  TEST  6.  LLtttTS  OF  EFFECTIVE  JA?J^NG  AR£A.  S-BAIiD  3YSIEM 

a.  (S)  Purpose 

Tne  purpose  test  6  is  to  determine  the  limits  of  azimuth  de¬ 
viation  within  which  a  Jamming  signal  sufficient  to  interfere  with  the 
normal  operation  of  the  AN/;.iPQ-10A  can  be  maintained.  Tlie  maximum 
linc-of-sight  Jaianing  di8^ancc  v/ill  also  be  determined. 

b.  (U)  Time  Required 

The  time  required  for  this  tost  will  be  throe  hays. 
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Saji5>le  Data  Sheet  for  Test  5* 


*This  data  sheet  is  UNCWSSIFIED  until  filled  in 
**Describe  modulation;  record  all  dial  settings. 


c.  (’J)  Procedure 


(1)  The  cquipne^t  vri.ll  be  sited  as  shown  in  fig.  5.  Tne 
Qp.C-233(T)  vrili  be  sited  at  point  A,  on  road  nr  1  where  ix  will  atte.'irpt 
to  Jaa  with  the  nost  effective  nodulation  as  dexex-udned  by  test  4.  The 
nortar  locator  vrili  be  placed  in  sector  scam  vrith  the  balloon-borne 
target  at  the  center  of  the  scan.  The  condition  of  jeming  will  be  re¬ 
corded. 


(2)  Tne  radar  will  tiien  attempt  to  track  and  lock-on  the  balloon- 
borne  target.  If  this  is  unsuccessful,  the  jamner  will  be  turned  off 
until  the  radar  can  acquire  and  lock-on  the  target.  Tiie  condition  of 
Jaxiing  and  the  ability  of  the  jarrner  to  break  the  track  of  the  radar 
will  be  noted. 

(3)  The  jammer  and  radio  truck  will  move  to  point  B  (thcJe 
points  will  have  been  previou'ly  staked  out  along  the  road)  where  pro¬ 
cedures  described  in  subparagraphs  1  and  2  will  be  repeated.  Line  of 
sight  should  bo  maintained  at  each  point.  Deviations  from  the  .‘oad  or 
increased  distance  along  the  road  nay  be  necessary,  but  it  is  desirable 
that  these  deviations  be  kept  to  a  minimum. 

(4)  The  jtmraer  will  continue  along  the  road  to  the  designated 
points  (C,  D,  E,  .tnd  F)  repeating  procedures  described  in  subparagraphJi 
1  and  2,  until  a  point  is  reached  at  which  the  ja-maer  is  no  longer  ef¬ 
fective  in  causing  the  radar  to  break  track. 

(5)  The  distance  between  the  radar  and  jacner  ’will  be  increased 
to  12,000  yards  (road  nr  2)  and  the  jammer  will  be  positioned  at  points 
A',  B',  etc.  Procedures  outli.ned  in  subparagraphs  1  through  4  will  be 
repeated.  If  the  stated  distances  from  the  radar  to  the  road  are  not 
available  for  use,  the  distance  from  radar  to  target  must  still  be  at 
least  5,000  yards. 

(6)  If  the  jamming  from  the  points  on  road  nr  2  is  still  effec¬ 
tive,  another  increment  of  5,000  yards  between  radar  and  jammer  should 
be  used.  In  this  event,  the  increment  between  jamming  points  will  be 
2,000  yards  and  the  procedures  described  in  subparagraphs  1  through  4 
will  be  repeated. 

(7)  When  the  above  portion  of  the  test  is  completed,  the  Jammer 
•will  bo  moved  along  the  line  formed  by  points  A,  A' ,  the  target,  and  the 
radar  to  a  distamce  from  which  effective  jaimlng  can  be  obtained.  Tnis 
will  give  the  line-of -sight,  maximum  effective  jamming  distance. 

d.  (U)  Data  Required 

(1)  DQ'ta  required  vrili  be  entered  on  the  data  sheet  for  test  6. 

(2)  Notes  and  cooroents  will  be  turned  In  by  the  project  officer. 
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Fig.  5.  (CMHA)  .Siting  plan  for  test  6 
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Sas^Ie  Data  ^eet  for  Test  b* 


*Thls  data  sheet  is  UNCLASSIFIED  until  filled  in 
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1^.  (S)  TEST  7.  LIMITS  OF  EFFECTIVE  JAtfCENG  AREA.  X-BAND  SYSTEM 

a.  (S)  Purpose 

The  purpose  of  test  7  is  to  determine  the  limit  of  deviation  and 
maximum  distance  between  the  QRC-23B(T)  and  AN/rPS-21  antennas  within 
which  a  jammer  signal  sufficient  to  interfere  with  the  normal  operation 
of  the  radar  set  can  be  maintained. 

b.  (U)  Time  Required 

The  time  required  for  this  test  will  be  three  days. 

c.  (C)  Procedure 

(1)  The  equipment  will  be  sited  as  shown  in  fig.  6.  The  road 
vri.ll  be  staked  out  in  800-yard  sections.  The  target  vehicle  will  be  a 
3/4-ton  truck  with  an  AN/VRC-17  mounted, 

(2)  The  QRC-23B(T)  antenna  will  be  oriented  so  that  it  is 
pointed  directly  at  the  AN/7PS-21.  The  QRC-23B(T)  operator  will  jam 
only  on  order. 

(3)  The  3/4- ton  truck  vri.ll  travel  from  points  A  to  G  during 
which  time  the  radar  will  ‘'''arch  for  and  track  the  vehicle.  Vflien  the 
radar  is  on  track,  the  Jammer  vri.ll  be  turned  on  in  the  most  effective 
modulation  os  found  in  test  5,  and  attempt  to  break  the  track  of  the 
radar. 


(4)  Tne  truck  vrill  return  from  point  G  to  point  A  and  the  pre¬ 
ceding  operation  will  be  repeated.  At  this  time,  the  radar  operator 
vrill  notify  the  truck  when  track  is  broken,  and  the  crew  of  the  truck 
vrill  note  the  position  of  the  truck  by  the  stakes. 

(5)  The  jammer  vrill  be  moved  ?,000  yards  farther  from  the  radar 
and  the  procedures  outlined  in  subparagraphs  3  and  4  vrill  'oe  repeated. 

If  the  jamming  is  still  effective  in  breaking  the  track  of  the  radar, 
the  jammer  vrill  be  moved  another  5,000  yards  away  from  the  radar  and 
the  nrocedures  reseated. 

(6)  .'/hen  the  preceding  steps  have  been  conplcted,  the  maximum 
linc-of-sight  Jamming  distance  vrill  be  ascertained.  At  this  distance, 
the  jamming  must  be  able  to  break  the  track  of  the  radar.  The  radar 
vrill  be  trained  on  a  moving  target  as  directly  in  line  -.rith  the  jammer 
as  possible. 

(7)  A  minimum  of  three  runs  will  be  made  for  each  jammer  range, 

d.  (U)  Data  Required 

(1)  Data  as  required  will  be  entered  on  the  data  sheet  for  test  7. 
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Fig-  6.  (CMHA)  Siting  plan  for  test  7 
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Sample  Data  Sheet  for  Test  7* 


»This  data  sheet  is  UNCLASSIFIED  until  filled  in 
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(2)  ilotes  and  comnents  by  the  project  officer  vail  be  recorded. 
16.  (S)  Ti-Si.S.  ilFFECTIVEtESS  AOAINST  MORTAR-LOCATING  RADAR  MAffC-lOA 

a.  (S)  P-irpose* 

Tne  purpose  of  this  test  is  to  determine  the  effectiveness  of 
the  QRC-233(T)  against  the  mortar-locating  Radar  Set  AJ.'/t-PQ-lCA  in  the 
track  mode  of  operation. 

b.  (U)  Time  Required 

The  time  required  for  this  test  will  be  two  days. 

c.  (G)  krocedure 

(1)  The  equipment  will  be  sited  as  shovm  in  fig.. 7. 

(2)  The  ANAiPC-lCiA  will  be  put  in  normal  operation,  scanning  the 
sector  near  the  mortar.  The  radar  signal  will  be  intercepted  by  the 
AI'I/APR-9  and  the  jammer  tuned  to  this  frequency.  Tne  jamming  antenna 
will  be  oriented  in  azLmuth  for  maximum  jamming  of  the  radar.  The  most 
effective  jamming  mode,  as  detemir.ed  in  test  4,  will  be  used. 

(3)  On  signal,  the  mortar  vdll  fire  sufficient  rounds  to  allow 
the  AN/:,!K1-1GA  to  obtain  track. 

(4)  The  mortar  'will  fire  five  single  rounds  on  command.  As  soon 
as  the  radar  operator  is  "on  target,"  a  signal  will  be  given  to  the 
Jammer  crew  to  jam.  The  effect  produced  upon  the  radar,  including  the 
time  required  by  the  jammer  to  make  the  radar  break  track,  will  be  re¬ 
corded  for  each  round  fired. 

(5)  Four  .ounds  will  be  fired  from  the  mortar  with  the  jammer 
radiating  continuously.  The  radar  7.111  attempt  to  obtain  track  on  the 
round  through  the  jamming. 

(6)  The  mortar,  will  be  svAing  200  mils  to  the  right;  two  rounds 
will  be  fired  for  adjustment  of  the  radar. 

(7)  Tne  procedures  described  in  subparagraphs  4  tmd  5  will  be 
repeated.  The  turning  of  the  mortar  in  200-mil  increments  will  be 
accomplished  after  each  procedure  caries  until  the  jajuning  is  less 
than  30-percent  effective.  If  the  decrease  in  effectiveness  occurs 

in  one  5,000-yard  step,  increments  will  be  run  in  the  reverse  direction 
to- obtain  the  cutoff  point  of  the  Jamming. 

(8)  Tne  jammer  will  be  moved  away  from  the  mortar  in  increments 
of  5,000  yards  until  the  jamming  is  no  longer  effective.  Procedures 
described  in  subparagraphs  3,  4,  5,  and  6  will  be  repeated  at  each 
site. 
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(9)  Antijao  techniques  will  be  used, 
d.  (U)  Data  Required 

(1)  The  data  required  will  be  entered  on  the  data  sheet  for 

test  8. 

(2)  Fnotographs  of  the  AN/m-lOA  scope  during  track,  and  show, 
ing  clear  scope  and  jamaed  scope,  will  be  taken. 


>4 


Sample  Data  Sheet  for  Test  8»* 


»rnis  data  sheet  is  UHCL\SSIFIED  until  filled  in 
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V.  AIRBQRM5  FIELD  TSSTS 


17.  (3)  T£ryr  9.  ZFFECTIVSMESS  ACATIKT  :^.33  RASAR 

a.  (3)  Purpose 

The  purpose  of  test  9  is  to  determine  the  effectiveness  of  the 
airborne  QRC-233(T)  at  various  ranges  and  heights  against  the  tracking 
and  surveillance  radars  of  the  M-33  AA  Fire  Control  System. 

b.  (U)  Time  Required 

/ 

Tne  time  required  for  this  test  will  be  two  days. 

c.  (S) 

(1)  The  M-33  surveillance  radar  will  be  sited  so  that  it  has  a 
broad  unobstructed  view  directly  to  the  front.  The  surveillance  radar 
will  be  placed  in  normal  search  operation.  Tne  flight  paths  as  shown 
in  fig.  8  will  be  directed  by  an  auxiliary  Kl-33.  The  most  effective 
janmlnp  mode  as  determined  in  the  ground  test  will  be  used. 

(2)  Flight  1  will  be  flawn  at  a  constant  distance  of  S  miles 
from  the  target  radar,  and  at  an  altitude  3/000  feet  above  it.  Tne 
auxiliary  M-33  will  notify  the  pilot  and  the  target  radar  when  the 
airborne  QRC-23B(T)  is  at  point  A.  The  plane  'will  fl^-  at  90  iuwts 
from  points  A  to  B  with  the  jansning  equipment  turned  on.  Jamming  con¬ 
dition  notes  will  be  taken  at  points  A,  B,  and  C. 

(3)  Flight  2  will  repeat  the  procedure  described  in  subpara¬ 
graph  2  at  a  constant  distance  of  15  miles  from  the  target  radar. 

(4)  Flight  3  will  be  flowr  radially  away  from  the  radar  until 
Janning  is  no  longer  effective.  This  distance  will  be  plotted  by  thie 
auxiliary  M-33. 

(5)  Procedures  described  in  subparagraphs  2,  3>  and  4  will  be 
repeated  with  the  QRC-23B(T)  at  1,500  feet  altitude  above  the  target 
radar. 


(6)  The  above  procedures  will  be  repeated  against  the  tracking 
radar  of  the  target  J*t.33.  The  plane  will  be  tracked  by  the  radar  and 
when  "on  track"  is  announced,  the  Janner  will  attempt  to  disrupt  the 
track.  If  "11118  is  accomplished,  the  target  radar  will  notify  "off 
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track"  and  the  Jacnlrit;  srill  be  halted.  This  procedure  .Till  be  con¬ 
tinued  along  each  of  the  flight  paths  >intil  the  track  can  no  longer  be 
broken. 


d.  (U)  Ba^  ,a<LQM^.rS,j 

(1)  Data  req-uired  :Till  be  entered  on  the  data  sheet  for  test  9. 

(2)  Fr.otcgraphs  taken  of  Jarned  scopes  of  the  11-33  radar  rill 
be  correlat  i  with  the  data  shcet- 

(J;  'Ictes  and  cements  by  project  office”  .;ill  be  recorded. 

18.  (S)  TSST  1C.  gFF2CTiy£H2SS  CF  SIDE  AtP  BACK  LOBE  JAimUG  AGAISST 

e.  (S)  Fumese 

The  porpese  of  lest  lu  is  to  detemir^  the  effectiveness  of  the 
airborne  CBC-23B(T)  at  various  bearings  and  heig-nts  against  the  ground- 
based  Radar  Set  AH,l!PG-lCA. 


b.  (U)  Tlae  Required 

The  tljae  required  for  this  test  rill  be  two  days. 


c.  (U)  Proce<i’4re 

(1)  The  equipeent  srill  be  sited  and  the  flights  perforoed  as 
shorn  In  fig.  9. 

(2)  For  flight  1,  the  aircraft  rill  fly  the  path  indicated  in 
fig.  9,  at  a  height  of  3^000  feet,  above  the  target  radar  and  at  a 
speed  of  90  knots.  The  rtdar  will  be  sector  scanning  an  area  of  8CX) 
Biils,  the  elevation  angle  to  be  such  that  nost  ground  clutter  is 
ooitted. 


13)  As  li-33  radar  rill  be  used  to  keep  the  plane  on  the  flight 
path,  and  notify  the  plane  and  target  radar  when  the  plane  Is  at  points 
A,  B,  C,  etc.  Photographs  will  be  taken  of  the  AN/l!PQ-lQA  scope  to 
show  the  degree  of  JacBdng  at  these  points. 

(4)  Flight  2  win  repeat  flight  1,  except  the  horizontal  range 
frea  aircraft  to  ta^-get  radar  will  be  5,000  yards. 

(5)  Flights  1  and  2  will  be  repeated  at  an  aircraft  altitude 
above  terrain  of  1,500  feet. 

d.  (U)  Data  Required 

(1)  U-33  plots  and  photographs  of  jaaming  at  specified  points 
will  be  correlated  with  the  data  sheet. 

SEfflET 
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(2)  Notes  and  cocments  by  the  project  officer  and  operators 
will  be  recorded. 

(3)  Data  required  will  be  entered  on  the  data  sheet  for  test  10. 
19.  (S)  TEST  U.  EFFECTIVENESS  AGAINST  MORTAR-LOCATOR  RADAR  ANAIPQ-ICIA 

a.  (S)  Purtxase 

The  purpose  of  test  11  Is  to  determine  the  effecti/en^ ^s  of  the 
airborne  QRC-23B(T)  in  breaking  the  track  of  the  mortar-locator  Radar 
Set  AHAlPCJ-lOA. 

b.  (U)  ThmA  R«.niMred 

The  tine  required  for  this  test  will  be  two  days. 

c.  (S)  Procedure 

(1)  The  mortar-locating  radar  AN/HPQ-lOA  will  be  sited  with  a 
broad  field  of  view,  and  placed  in  normal  sector-scan  operation.  A 
mortar  will  be  located  approximately  6,000  yards  from  the  radar.  Upon 
notification  from  the  aircraft  carrying  the  QRC-23B(T)  that  it  is  be¬ 
ginning  a  run,  the  mortar  crew  will  begin  firing  one  round  per  minute, 
using  a  range  of  3>000  yards. 

(2)  The  flight  and  location  plan  for  this  test  is  shown  in 
fig.  10. 

(3)  For  flight  1,  the  AN/APR-9  will  intercept  the  radeir  signal 
as  it  is  tracking  projectiles  fired  by  the  mortar.  For  flight  2,  the 
aircraft  will  notify  the  mortar  crew  and  radar  crew  vrtien  it  is  at 
point  A  and  attempt  to  jam  the  radar  when  it  is  on  track. 

(4)  The  plane  will  be  directed  on  its  flight  path  by  M-33  radar. 

(5)  Flights  3  and  4  will  repeat  the  procedure  described  in  sub- 
paragra^  3  at  a  rangj  of  8  miles. 

(6)  Flights  5  and  6  will  repeat  this  procedure  at  a  range  of  15 

miles. 


d.  (U)  Data  Required 

(1)  The  plot  of  the  U-33  and  defined  photographs  from  points  A, 
E,  C,  etc. ,  on  fig.  10  will  be  required. 

(2)  Notes  and  comments  by  project  officer  and  operators  will  be 
recorded. 
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*Thls  data  sheet  is  UNCLASSIFIED  until  filled  in 
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FiR.  10.  (CMflA.)  Fllgiit  and  location  plan  for  test  11 
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(3)  Data  required  will  be  entered  on  the  data  sheet  for  test  11. 
20.  (S)  ISST  12.  SFraCTiyEtSSS  AGAIHST  m  ItADAR  TRACKER  T-9 

a.  (S)  Pun>c'£.- 

The  puJTJOse  of  test  12  is  to  determine  the  effectiveness  of  the 
airborne  3RC-23B(T)  in  breaking  the  track  of  the  Radar  Tracker  T-9,  a 
component  of  the  AA  fire  Control  Systeir.  T-3iJ. 

b.  (U)  Tine  Required 

The  time  required  for  this  test  will  be  two  days. 

c.  (S)  Pc2ced.qrq 

(1)  The  T-9  will  be  sited  with  a  broad  field  of  view.  The  air¬ 
craft  with  the  QRC-23B(T)  will  fly  a  course  as  indicated  in  fig.  11, 
at  3,000  feet. 

(2)  The  T-9  will  acquire  and  track  the  aircraft.  The  AN/APR-9 

will  intercept  the  radar  signal,  and  on  C(ai»aand  the  QRC-23B(T)  trans¬ 
mitter  will  jam.  ' 

(3)  The  edrcraft  will  make  four  flights.  Plight  1  will  be  at  a 
ground  distance  of  8  miles,  and  flight  2  at  15  miles  from  the  T-9.  For 
flight  3>  the  aircraft  will  start  at  a  ground  range  of  3  miles,  and  fly 
directly  away  from  the  radar  until  jaimid.ng  effectiveness  is  lort. 

Flight  4  will  begin  at  point  A  and  fly  the  back  and  side  lobes  of  the 
radar  idiile  Jamming  continuously.  Photographs  will  be  taken  at  points 
0,  E,  and  F. 

(4)  Flight  1  will  be  nin  again  with  the  radar  oriented  180  de¬ 
grees  away  fran  the  aircraft  and  then  again  at  90  degrees  frcm  the  air¬ 
craft. 

(5)  A  tracking  or  surveillanoi  radar  and  recorder  will  be  used 
to  obtain  a  record  of  the  flight  path  of  the  aircraft. 

d.  (U)  pa^  SfifflUXCd 

(1)  Plots  by  the  14-33  radar  will  be  required. 

(2)  Photographs  of  the  radar  scopes  at  points  A,  B,  C,  etc., 
will  bs  taken  and  observers'  ccoaents  recorded  before  and  during  Jam¬ 
ming. 


(3)  Time  required  for  radar  to  lose  track  from  the  start  of 
Janning  will  be  ivsted.  Data  reqiiired  will  be  entered  on  data  sheet 
for  test  12. 
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*rnis  data  sheet  is  UNCL(\SSIFIED  until  filled  in 
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Fig.  11.  (CJ4HA)  Flight  and  location  plan  for  test  12 
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*This  data  sheet  is  L'NCLASJIFIED  until  filled  in 
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(4)  Results  vdXl  ts  noted  using  antijam  techniques. 

(5)  Coix-.ents  by  project  officer  and  operators  -jirill  be  recorded. 
21.  (S)  TEST  l-j.  RFFSCTIV'ZlCaS  AGiilNST  A.N  AIR-TRACKING  RADAR 

a.  (s)  ;;akgag-'u 

Tr.e  purpose  of  test  13  is  to  determine  the  amount  of  protection 
afforded  another  plane  by  tho  airbor:ie  (4Ri;-23B(T)  against  the  air 
tracking  radar  AiVOPG-l. 

b.  (U)  Tioe  Required 

The  time  required  for  this  test  will  be  one  day. 

c.  (S)  Procedure 

(1)  The  flight  and  locution  plan  for  this  test  is  sha^m  in 
fig.  12.  An  L-1?  aircraft  '.rill  be  used  as  a  target  for  the  radar. 

(2)  An  M-33  radar  will  be  used  to  direct  the  flights  of  the 
target  plane  and  the  aircraft  carrying  the  QRC-23B(T).  Tne  L-19  will 
fly  at  an  altitude  of  1,000  feet. 

(3)  Flight  1  of  the  jammer  aircraft  will  be  flown  at  an  altitude 
of  1,500  feet  and  at  a  distance  of  8  miles  from  the  target  radar.  The 
flights  will  be  synchronized  so  that  the  Janner  aircraft  will  reach 
point  A  after  the  target  radar  has  the  L-19  on  track.  The  jammer  will 
be  turned  on  at  this  time  and  be  turned  off  as  soon  as  the  target  radar 
signifies  it  can  no  longer  track  the  L-19.  This  will  be  continued 
until  jamraing  conditions  can  be  ascertained  irtien  the  target  plane  and 
the  tCM  aircraft  ore  at  opposite  extremes  of  their  respective  flight 
paths,  f  .e  time  for  the  jammer  to  break  the  track  of  the  target  radar 
will  be  determined. 

’»4)  Flight  2  will  repeat  the  proesdures  with  the  Ul-A  at  an 
altitude  of  3,00'J  feet,  and  the  L-19  remairing  at  1,000  feet. 

d.  (U)  Data  P^gjuired 

(1)  Track  of  planes  by  the  W-33  and  a  record  of  the  plot  will 
be  required. 

(2)  Radar  scope  photograph  iif  Jamoing  conditions  will  be  taken. 

(3)  Notes  and  cctaaents  by  project  officer  regarding  conduct  of 
test  will  be  recorded. 
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Fig.  12.  (CMHA)  Fli"ht  and  location  plan  for  tect  13 
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22.  (S)  TEST  X4.  EFFECTIVENESS  AGAlhgT  A  CO.IBAT-SUEVSILLANCS  RAIAR 

a.  (S)  Purpose 

The  purpose  of  test  14  is  to  deterniue  the  effectiveness  of  the 
airborne  QRC-2;3B(T)  janmer  against  a  ground-based,  ccmbat  surveillance 
Radar  Set  AN/TPS- 21. 

b.  (u)  Tine  Rgqgiirgd 

The  tine  required  for  this  test  vdll  be  one  day. 

c.  (S)  Procedure 

(1)  The  flight  pLa::  and  siting  of  equipment  is  as  shOTm  in 
fig.  13.  The  AH/TPS-21  irill.  track  the  target  truck  while  it  proceeds 
from  point  A  to  3. 

(2)  After  the  target  radar  has  the  truck  "on  track,"  tht  air¬ 
craft  carrying  the  QRC-23B(T)  Mrill  commence  flight  1  at  1,500  feet 
above  the  radar.  The  Jainaer  will  be  turned  on  and  off  only  by  command. 
Tne  condition  of  Janraing  will  be  recorded  continuously  for  each  flight 
and  correlated  with  the  position  of  the  target  truck  and  the  aircraft. 
As  many  fligh^  as  necessary  at  each  distance  will  be  made  as  the  truck 
proceeds  along  its  route. 

(3)  The  procedure  will  be  repeated  at  distances  of  10  and  15 
miles  fron  the  radar  for  flights  2  and  3. 

(4)  A  plot  of  the  flight  plan  of  the  aircraft  will  be  made  by 
an  '4-33  radar  which  will  direct  the  Janmer  aircraft  on  the  various 
flight  paths. 

d.  (u)  Patft  Rfifluirgd 

(1)  Data  as  required  will  be  entered  on  the  data  sheet  for 
test  14. 

(2)  Notes  and  coniaents  by  project  officer  will  be  recorded. 
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Fig.  13.  (CMHA)  Flight  aixl  location  plan  for  teat  I4 
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ample  Data  Sheet  for  Test  14* 


data  sheet  is  lINCyvSSIFIED  until  filled  in 


VI.  ]/AN-MACHINS  TEST 


23.  (U)  TEST  13.  MN-?.tACHIMS  Cg.gATTBILITY 

Tr.e  purpose  of  test  15  is  to  determine  the  extent  of  man-machine 
compatibility  in  the  operation  of  the  QRC-23B(T). 

b.  (U)  Time  Required 

This  test  vd.ll  be  performed  concurrently  vdth  other  tests. 

c.  (U)  Procedure 

(1)  Human  engineering  personnel  vdll  conduct  preliminary  obser¬ 
vations  of  equipment  setup,  operation,  and  march-ordering  of  the 
QRC-23B(T)  in  order  to  gain  familiarity  with  the  equipment,  and  will 
devise  an  Observer's  Record  Form  and  an  Interview  Record  Form  on  the 
basis  cf  tiiese  observations.  Both  forms  will  be  semis tructured,  per¬ 
mitting  systematic,  preplanned  inquiry  of  man-machine  relationships  in 
ail  aspects  of  field  use  of  the  jammer  covered  by  associated  tests. 

(2)  Hunan  engineering  personnel  will  then  observe  man-machine 
relationships  with  each  of  several  operators  and  record  appropriate 
observations  made  of  each  operator  on  the  Obsv.'"er's  Record  Form.  At 
the  conclusion  of  every  observation  period,  each  operator  -.Till  be  in¬ 
terviewed  independently,  and  his  comments  will  be  recorded  on  the 
Interview  Record  Form.  Evaluation  of  the  equipment  will  be  based  on 
data  obtained  through  use  of  these  forms. 

(3)  It  is  anticipated  that  six  operators  experienced  in  oper¬ 
ating  the  jammer  vrLll  be  ebserved  and  inter/iewed. 

d.  (U)  Data  Rcauired 

7r.e  following  data  are  required; 

(1)  Observation  information  on  the  performance  of  each  operator 

(2)  Intervie.v  information  from  each  operator 

(3)  Mames  cf  operators,  observers,  and  intervie'.vcrs;  dates  cf 
observations  and  inter/iews;  abnormal  test  conditions  which 
■were  p:‘escnt 
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